In this study the P-T-t evolution of the Jenig Complex (Austroalpine) which is part of the crystalline basement of the Gail valley 
ved. In most cases these relics are represented by garnet and some inclusions within the garnet, as well as andalusite or sillimanit and kyanite pseudomorphs of these minerals respectively.
However, as P-T paths can be studied best on rock samples which experienced one prograde metamorphic imprint, reliable geothermobarometric P-T data for the Permo-Triassic imprint are scarce. For this reason a lithological unit occurring on the northern slopes of the Gail valley (Carinthia/Austria) affected by the Permo-Triassic metamorphic imprint only is of special interest. In this paper mineral-rich metapelitic assemblages of this unit, which is referred to as the Jenig Complex in the following, are described in detail and their P-T-t evolution is highlighted based on petrological, structural, geochronological and geochemical data as well as geothermobarometric calculations.
Further a review on the basement rocks of the Gail valley is given and discussed in the light of the new data.
The Austroalpine unit represents the uppermost tectonic unit in the Eastern Alps (Fig. 1A) . Since Palaeozoic times this piece __________ 2. Regional Geology of continental crust was affected by several regional metamorphic and/or magmatic events Hoinkes et al. 1999; Schuster et al. 2004) . In the Ordovician a widespread magmatic event affected the recent Austroalpine nappes. A Late Devonian to Carboniferous imprint is related to the Variscan tectonothermal cycle and characterised by a clockwise P-T-t evolution. In Permo-Triassic time large parts of the Austroalpine units were affected by lithospheric extension and related HT/LP metamorphism (Schuster and Stüwe 2008) . The eo-Alpine tectonothermal event in the Cretaceous is due to intracontinental shortening within the Austroalpine unit which formed the northernmost part of the Adriatic Plate at that time (Janák et al. 2004; Stüwe and Schuster, 2010) . (Heinisch et al. 1987; Lein et al. 1997) .
The Jenig Complex is situated at the northern slopes of the Gail valley within an about 100 km long and up to 15 km wide belt (Fig. 1B) . In Neubauer et al. (1999) it is referred to as a continuous lithostratigraphic unit termed "Gailtal Crystalline Complex". However, the overlying Permo-Mesozoic sediments do not represent a continuous sedimentary cover, but consist of three parts characterised by different facies evolutions (Lein et al. 1997) . At least two of these parts have preserved transgressive contacts to the crystalline basement at the northern slopes of the Gail valley.
The tectonic position of the crystalline basement of the Drau range within the Austroalpine nappe pile was interpreted in different ways over the past decades (Tollmann 1963: "Mid- dle Austroalpine"; Tollmann 1977: "Upper Austroalpine"). In this work we follow the nomenclature by Schmid et al. (2004) where it belongs to the Drauzug-Gurktal nappe system of the Upper Austroalpine unit (Fig. 1B) . According to Schmid et al. (2004) the Drauzug-Gurktal nappe system is part of the tectonic upper plate during the eo-Alpine tectonothermal event.
___________________________ __________________________ _____________________________ For this reason it experienced only a weak eo-Alpine metamorphism and thus the pre-Alpine assemblages are well preserved in areas without eo-Alpine phyllonitization.
First detailed lithological maps covering most of the crystalline basement at the northern slopes of the Gail valley were published by Heritsch and Paulitsch (1958) and Paulitsch (1960) . According to these maps the dominant schistosity in the rocks is dipping moderately or steeply towards the North and the lithological composition includes paragneises, mica schists, quarzitic mica schists, quartzites, orthogneisses, amphibolites, "diaphtorithic" rocks and phyllites. Garnet, staurolite and in some case also kyanite-bearing mica schists and paragneisses were found in the westernmost sector up to Liesing and also in a narrow belt along the southern margin between Liesing and Kötschach. In between and towards the East retrograde metamorphic rocks and prograde phyllites partly derived from Paleozoic sediments (Schönlaub, 1979) occur ( Fig. 2A) . Since the crystalline basement rocks are overlain by unmetamorphosed to anchizonal metamorphic Mesozoic sediments (Rantitsch, 2001) , the medium-grade metamorphism in the basement was recognized to be pre-Alpine. Some authors (Purtscheller and Sassi 1975; Bögel et al. 1979 ) related the medium-grade imprint to a Caledonian (Ordovician) event, because they interpreted gaps between medium-and lowgrade basement rocks as masked Caledonian discordances.
Based on results from anew mapping Heinisch (1987) pointed out that the crystalline basement is strongly affected by eo-Alpine and Alpine ductile and brittle deformation, internally and also along the margins, especially along the Periadriatic fault (Heinisch and Spengler 1988) . The "diaphthoritic" rocks represent phyllonites, formed at least partly during the eoAlpine tectonothermal event. Furthermore Heinisch (1987) subdivided the "Gailtalkristallin" into four different zones ( Fig.   2B ): 1) a zone of garnet-mica schists, 2) a phyllonite zone, 3) a zone with staurolite-garnet mica schists with some occurrences of sillimanite (Heinisch et al. 1983 ) and 4) a zone of (un)metamorphosed Paleozoic rocks. These zones are separated by subvertical E-W-trending semiductile and ductile sinistral strike-slip shear zones (Heinisch 1987; Unzog, 1989a Unzog, , 1989b Unzog, , 1991 Unzog, , 1992 . In the south the units and shear zones are cut by the ESE-WNW orientated Periadriatic fault.
The zone of metamorphosed Paleozoic rocks (Zone 4 of Heinisch et al. 1983 ) comprises phyllonitic mica schists and phyllites with layers of greenschists, amphibolites, quartzites, black graphitic schists and even marbles. From one of these marbles Paleozoic (probably Silurian) conodonts have been reported (Schönlaub, 1979) . Whereas the main part of this zone shows a greenschist-facies imprint, in a restricted area north of Jenig, Heinisch (1987) Nd and Rb/ Sr ratio are <1%, based on iterative sample analysis and spike recalibration. Ages were calculated with the software ISOPLOT/Ex (Ludwig, 2003) . Ages are based on (Anderle, 1977; Schönlaub, 1985 Schönlaub, , 1987 Schönlaub, , 1989 Schönlaub, , 1997 Schönlaub, , 2000 , Carta geologica d'Italia Interattiva 1:100000 map sheets 4c-13, 14 and 14a (Amanti et al. 2002 ), Heinisch (1987 and Probst et al. (2003) . (A) Tectonic map based on nomenclature by Schmid et al. (2004) and subdivision of the Drau Range by Lein et al. (1997) . Table 9 ).
The analytical errors of a point analysis typically correspond to a ~10-30 Ma error on the age (1 σ). A weighted average age with reduced error can be calculated from a larger number of measurements in coherent age domains. In thin sections the oldest visible schistosity (S ) is preser-
Outcrops of the Jenig
ved within cleavage domains of the dominating schistosity (S ).
X
Quartz-plagioclase mobilisate layers are partly orientated parallel to S and isoclinally folded by S . S as well as S and
are defined by fine-grained textures composed of white mica , 1 quartz and minor chlorite , biotite , ilmenite and plagioclase .
1
The textures also show dispersed graphitic pigment (Fig. 3A) .
This texture is overgrown by biotite , followed by garnet + bio-2 tite and again followed by staurolite + plagioclase . The youn-2 2 gest porphyroblasts are andalusite crystals, which grow together with coarse-grained biotite and white mica (Fig. 3B ). Al- seem to be stages in a continuous process. In some samples pure shear outlasts the growth of all prophyroblasts, because in these samples the coarse-grained micas show a weak preferred orientation and even the andalusite is slightly unduloese.
In one sample andalusite grows perpendicular to the foliation S . Most probably it grew in an extensional environment with Quartz is also a main constitute of the matrix and forms mobilisate layers. Within the latter it is coarse-grained, and dynamically recrystallized with bulging and subgrain rotation.
Plagioclase forms fine-grained aggregates with triple junctions within the matrix, and especially in cleavage domains of S . In the vicinity of staurolite porphyroblasts large plagioclase X crystals overgrow the fine-grained matrix.
Andalusite is present as up to a few centimetre large poikiloblatic crystals, partly showing idiomorphic edges. In some cases andalusite displaces graphitic pigment which is enriched in cleavage domes (Fig. 3E ). These cleavage domes are later overgrown in several stages. In one sample the overgrown graphitic pigment indicates, andalusite growth within a finegrained matrix with some coarse-grained white mica flakes not orientated in S . Around the andalusite phorphyroblasts X the growth of coarse-grained biotite and muscovite can be 2 2
observed. Andalusite overgrows garnet, staurolite, biotite and 2 also some muscovite , whereby the micas are partly resorbed.
2
In some cases andalusite has been replaced by coarse-grained muscovite and biotite . Chlorite flakes within andalusite Ilmenite is present as up to 1 mm large crystals orientated in S and S respectively.
X-1 X
Clinozoisite has been found within quartz mobilisate layers.
The quarzites show a fine-grained matrix of quartz and minor plagioclase, which are overgrown by poikiloblastic amphibole and garnet (Fig. 3F) . In addition epidote and opaque ore is present. Quartz shows just a weak shape-preferred orientation, grain boundary migration and intense unduloese extinction. Plagioclase is characterised by polysynthetic twinning and a somewhat smaller grain size with respect to quartz. The garnet and amphibole poikiloblasts are often strongly elongated within the schistosity.
The andalusite-bearing quartz veins have been described in detail by Philippitsch et al. (1986) . They are more or less concordant within the main foliation S but show an irregular shape. Plagioclase (An ) is chemically homogeneous throughout
13-19
the investigated samples.
Biotite: All biotites are unzoned and rich in FeO (19-22 wt.%).
TiO is low and varies between 1.47 and 1.88 wt.%.
2
Muscovite shows Si contents of 3.05-3.07 Si a.p.f.u. and relatively high paragonite contents of 24-27 mol.%.
Selected mineral analyses are shown in Table 2 .
Geothermobarometry
Multi-equilibrium geothermobarometry: The simultaneous calculation of all possible reactions within a defined chemical system has been done by using the program THERMOCALC v.
3.21 (Powell and Holland, 2003) and the data set of Holland and Powell (1998) . The natural composition of coexisting minerals is taken into account using the activity models for garnet, plagioclase, muscovite and biotite from the set of proposed activity models from the program MacAX (Holland, 2000, written comm.) . To avoid uncertainties due to poor knowledge of H O The first invariant point (I) is constrained with the reactions:
The second invariant point (II) consists of reaction (3) and the Fe-endmember reaction of (3) and the garnet-biotite exchange equilibrium:
Calculations of the P-T conditions by using both invariant points in three samples (RS6/98, RS9/98, RS13/98) yielded P-T results ranging from 450 to 530°C and 0.24 to 0.42 GPa as shown in Table 3 . 
__________________________________ _________________________________

Ti-in-geothermobarometry:
8. Geochronology Plotting all determined data points a linear trend with a calculated age value of 240±14 Ma and an MSWD value of 10.2 can be observed (Fig. 5) .
Sm-Nd method
Two staurolite and B) andalusite. Furthermore it has been observed within garnet and rock matrix. In general it is less than 50 µm in size.______________ Table 4 : Sm-Nd and Rb-Sr data from Al-metapelites of the Jenig Complex and a metapelite from the garnet-staurolite mica schist zone near Kötschach (sample RS28/01).______________________
Conditions and timing of the amphibolite facies event
Porphyroblast growth within the fine-grained matrix shows a general succession with garnet, followed by staurolite and fi- nal most probably older phase with a lower Sm/ Nd ratio, which has an obvious influence on the age value. For this reasons we calculated a pooled isochron from garnets and Based on the investigations of the thin sections staurolite formed partly contemporaneously but mostly later than the garnet.
In fact one of the staurolite-WR ages is younger (231±4 Ma) than the pooled garnet isochron, whereas the other is the same within the error (244±4 Ma). However, it has to be mentioned that staurolite may have crystallised from a matrix which was slightly depleted in Sm, because of the former fractionation of Sm into the garnet.
Summarizing the data we conclude a Permian formation of the monazite, most probably on the prograde part of the P-T (Fig. 7) . Rb-Sr biotite data measured on the same biotite separates yield one age of 187±3 Ma which fits well with the Ar-Ar biotite ages whereas the second is older and yields 210±2 Ma (Fig. 8 A, 8B , recalculated with the decay In the subdivision by Heinisch et al. (1983) the lithologies described in this paper are part of the zone of (un)metamorphosed Paleozoic rocks. However, these metapelites and metapsamites and the incooperated andalusite-quartz vains form a characteristic association which can be mapped and separated from the surrounding (Schönlaub, 1987) . characterised by different facies evolutions (Lein et al. 1997) .
With respect to the overall facies distribution of the Austroalpine Triassic sediments (Tollmann, 1977 (Tollmann, , 1985 a Jurassic sinisdral strike slip fault system to the north of the recent Periadriatic fault was postulated by Bechstädt (1978) and later on by other authors (Schuster and Frank 2000; Schmid et al. 2004 ).
During the eo-Alpine tectonothermal event the whole area be- 
